
AD 

USAARU REPORT NO. 67-8 

! 
SOU ND ATTENUATION CHARACTERISTICS 

OF THE NAVY SPH-3 (MODIFIED) (LS) HELMET 

By 

Robert T. Camp, Jr., DAC 
and 

Robert L. Keiser, SP-4 

MAY 1967 

U. So ARMY AEROMEDICAL RESEARCH UNIT 
Fort Rucker, Alabama 



ADA656748 
Unclassified Technical Report 

Security Classification . . . . . . .  

DOCUMENT CONTROL DATA-  R&D 
(Sect~rJty c i R ~ i l i c a t i o n  of  t i t le ,  body at abs t rac t  a n d  i ndex ing  annota t ion  must  be e n t e r e d  w h e n  the o v e r a / /  report  is c lass i f i ed )  

I ,  O R I G I N A T I N  G A C T I V I T Y  (Corporate author)  

US Army Aeromedical Research Unit 
Fort Rucker, Alabama 2•bU2a. 

R E P O R T  S E C U R T T Y  C L A S S I F I C A T I O N  

nclassified 

3. R E P O R T  T I T L E  

SOUND ATTENUATION CHARACTERISTICS OF THE NAVY SPH-3 (MODIFIED) (LS) HELMET 

4. D E S C R I P T I V E  N O T E S  (Type  o f  r e p o r t  and Inc lus iVe  dates)  

5. A U T H O R ( S )  ( Las t  name, f i rs t  name, i n i t i a l )  

Camp, Robert T., Jr. 
Keiser, Robert L., SP-4 

6.  R E P O R T  D A T E  

May 1967 
Sa,  C O N T R A C T  OR G R A N T  NO.  

b. PROJECT No.3AO 2560 1A 819 

o. Task 042 
(FY 67) 

7 a .  T O T A L  NO.  O F  P A G E S  I 7 h .  NO.  O F  R E F S  

19 I 
9 a .  O R I G I N A T O R ' S  R ~ P O R T  N U M B E R ( S )  

USAARU REPORT N O .  67-8 

9 b. O T H E R  R E P O R T  NO(S)  ( A n y  othel: n u m b e r s  t h a t  m a y  be ass lgned  
th is  ~"eporO 

10. A V A  I L  A B I L I T Y / L I M I T A T I O N  N O T I C E S  

Distribution of this document is unlimited. 
report from DDC. 

Qualified requestors may obtain copies of this 

I 1. S U P P L  E M E N T A R Y  N O T E S  12. S P O N S O R I N G  M I L I T A R Y  A C T I V I T Y  

US Army Medical R&D Command 
Washington, D. C. 203]5 

~3 ASSTRACT An evaluation of the real-ear sound attenuation characteristics of the Navy SPH-3 
(Modified) (LS) Helmet was done with procedures and equipment specified by ASA Z24.22 - 
1957. The results show that the SPH-3 (Modified) (LS) is a relatively efficient attenuator of 
sound throughout the audio spectrum. In view of the poor sound attenuation characteristics of 
the Army APH-5, it has been recommended that this helmet be replaced by the SPH-3 (Modified 
(LS). 

. . . .  4 7 3  D D  ,o,M 1 1 J A N  64  

i 

Unc tassified 
Security Classification 

:L . . . .  i : . . . . . . . . .  



Unclassified 
S e c u r i t y  C l a s s i f i c a t i o n  

1 4 .  

KEY WORDS 

Audition 
Psychoacoustlcs 
Hearing 
Hearing Protection 

INSTI~JCTIONS 

1. O R I G I N A T I N G  ACTIVITY:  Enter  the name and a d d r e s s  
of the  cont rac tor ,  subcon t rac to r ,  g ran tee ,  Depar tment  of De- 
f e n s e  a c t i v i t y  or o ther  o r g a n i z a t i o n  (corPorate author) i s s u i n g  im posed  k 
the  report ,  s u c h  as :  

2a. R E P O R T  S E C U I ~ T Y  C L A S S I F I C A T I O N :  En te r  the  over- 
a l l  s e c u r i t y  c l a s s i f i c a t i o n  of  the  report .  I n d i c a t e  whe ther  
" R e s t r i c t e d  D a t a "  i s  inc luded .  Marking i s  to be  in  accord- 
ance  wi th  appropr ia te  s e c u r i t y  r e g u l a t i o n s .  

2b. G R O U P :  Automat i c  downgra d ing  i s  s p e c i f i e d  in  DoD Di- ! 
r e c t i v e  5200. 10 and Armed F o r c e s  I n d u s t r i a l  Manual.  En te r  
the group number. Also ,  when a p p l i c a b l e ,  show tha t  op t i ona l  
mark ings  have  b e e n  u sed  for Group 3 and Group 4 as author-  
ized.  

3. R E P O R T  T I T L E :  En te r  the  c o m p l e t e  report  t i t l e  in  a l l  (4) 
c a p i t a l  l e t t e r s .  T i t l e s  in  a l l  c a s e s  s h o u l d  be  u n c l a s s i f i e d .  
If a m e a n i n g f u l  t i t l e  canno t  be  s e l e c t e d  wi thou t  c l a s s i f i c a -  
t ion ,  show t i t l e  c l a s s l f l c a t i o n  in  a l l  c a p i t a l s  in  p a r e n t h e s i s  
i m m e d i a t e l y  f o l l o w i n g  the t i t l e .  

4. D E S C R I P T I V E  NOTES:  If  appropr ia te ,  en te r  the type  of 
report ,  e .g . ,  in ter im,  p r o g r e s s ,  summary,  annual ,  or f inal .  
G i v e  the i n c l u s i v e  d a t e s  when a s p e c i f i c  r epo r t i ng  pe r iod  i s  
cove red .  

5. AUTHOR(S) :  En te r  the  name(s)  of author(s )  a s  shown on 
or in  t he  report .  En te r  l a s t  name, f i r s t  name, midd le  i n i t i a l .  
If  mi l i t a ry ,  show rank and b ranch  of  s e r v i c e .  The  name of 
t he  p r i n c i p a l  author  i s  an a b s o l u t e  minimum requi rement .  

6. R E P O R T  DATE:  En te r  the  da te  of the  repor t  a s  day, 
month, year; or month,  year, If  more than  one  da te  appea r s  
on the  report,  u s e  d a t e  of  p u b l i c a t i o n .  

7a. T O T A L  NUMBER O F  P A G E S :  T h e  to ta l  page  coun t  
s h o u l d  f o l l o w  normal p a g i n a t i o n  p rocedures ,  i . e . ,  en te r  t he  
number of  p a g e s  c o n t a i n i n g  informat ion.  

7b. NUMBER O F  R E F E R E N C E S :  En te r  the to ta l  number of  
r e f e r e n c e s  c i t e d  in t he  report .  

Sa. C O N T R A C T  OR G R A N T  NUMBER: I f  appropr ia te ,  en ter  
the  a p p l i c a b l e  number of  the  c o n t r a c t  or grant  under  which  
t he  report  was  wri t ten.  

8b, 8c, & 8d. P R O J E C T  NUMBER: En te r  the  app rop r i a t e  
m i l i t a r y  depar tment  i d e n t i f i c a t i o n ,  s u c h  as  p r o j e c t  number, 
s u b p r o j e c t  number, s y s t e m  numbers ,  t a s k  number, etc. 

! 9 a .  O R I G I N A T O R ' S  R E P O R T  NUMBER(S):  En te r  the  off l-  
i c i a l  repor t  number by wh ich  the  documen t  w i l l  be  i d e n t i f i e d  
] and c o n t r o l l e d  by t he  o r i g i n a t i n g  a c t i v i t y .  T h i s  number m u s t  
I b e  u n i q u e  to  t h i s  report .  

9 b ,  O T H E R  R E P O R T  NUMBER(S):  If  the  report  has  been  
a s s i g n e d  any o the r  report  numbers  (e i ther  b y  the originator 
or by  the sponsor), a l s o  en te r  t h i s  number(s) .  

L INK  A L INK  S 
J I , 

ROLE  WT ROLE  WT 

L INK  C 

F~OLE  WT 
I 

i 

10. A V A I L A B I L I T Y / L I M I T A T I O N  NOTICES:  En te r  any llm- 
i t a t i o n s  on fur ther  d i s s e m i n a t i o n  of the  report ,  o ther  than  t h o s e  
im posed  by s e c u r i t y  c l a s s i f i c a t i o n ,  u s i n g  s t anda rd  s t a t e m e n t s  

(1) " Q u a l i f i e d  r e q u e s t e r s  may o b t a i n  c o p i e s  of t h i s  
repor t  from D D C . "  

(2) " F o r e i g n  announcemen t  and d i s s e m i n a t i o n  of  t h i s  
report by DDC is not authorized. '~ 

(3) '~U. S. Government agencies may obtain copies of 
this report directly from DDC. Other qualified DDC 
users shall request through 

~'U. S. m i l i t a ry  a g e n c i e s  may o b t a i n  c o p i e s  of t h i s  
repor t  d i r e c t l y  from DDC. Other  q u a l i f i e d  u s e r s  
s h a l l  r e q u e s t  th rough  

(S) " A l l  d i s t r i b u t i o n  of t h i s  repor t  i s  con t ro l led .  Qual- 
i f i e d  DDC u s e r s  s h a l l  r e q u e s t  th rough 

If  the  report  h a s  been  fu rn i shed  to t he  O f f i c e  o f  T e c h n i c a l  
S e r v i c e s ,  Depar tment  of  Commerce,  for s a l e  to the  pub l ic ,  indi-  
c a t e  t h i s  fac t  and enter  the  pr ice ,  i f  known. 

I i .  S U P P L E M E N T A R Y  NOTES:  U s e  for a d d i t i o n a l  exp lana -  
tory notes. 

12, SPONSORING MILITARY ACTIVITY:  En te r  the  name of  
the  depa r tmen t a l  p r o j e c t  o f f i ce  or l abo ra to ry  s p o n s o r i n g  (pay- 
ing for) the  r e s e a r c h  and deve lopmen t .  I n c l u d e  address .  

I3. A B S T R A C T :  Ente r  an a b s t r a c t  g i v i n g  a b r ie f  and f ac tua l  
summary of the document  i n d i c a t i v e  of the  report ,  even  though  
it  may a l so  appear  e l s e w h e r e  in  the body of the  t e c h n i c a l  re- 
port. If a d d i t i o n a l  s p a c e  i s  requi red ,  a c o n t i n u a t i o n  shee t  
s h a l l  be a t t a ched .  

It i s  h i g h l y  d e s i r a b l e  tha t  the a b s t r a c t  of c l a s s i f i e d  re- 
por t s  be  u n c l a s s i f i e d .  Each  pa rag raph  of the a b s t r a c t  s h a l l  
end with an i n d i c a t i o n  of the  mi l i t a ry  s e c u r i t y  c l a s s i f i c a t i o n  
of the  in fo rma t ion  in the  paragraph,  r e p r e s e n t e d  as  (TS), (S), 
(C). or (U) 

There  is  no l i m i t a t i o n  on the l e n g t h  of the  abs t r ac t .  How- 
ever ,  the s u g g e s t e d  l eng th  i s  from 150 to 225 words. 

14. KEY WORDS: Key words  are t e c h n i c a l l y  m e a n i n g f u l  terms 
or shor t  p h r a s e s  that  c h a r a c t e r i z e  a report  and may b~ used  as  
index  en t r i e s  for  c a t a l o g i n g  the report.  Key words  must  be 
s e l e c t e d  so that  no s e c u r i t y  c l a s s i f i c a t i o n  is  required.  Iden- 
f ie rs ,  such  as  equ ipment  model  d e s i g n a t i o n ,  t rade name, mi l i -  
tary p ro jec t  code  name, g e o g r a p h i c  l o c a t i o n ,  may be u sed  as  
key words  but  w i l l  be  fo l lowed  by an i n d i c a t i o n  of t e c h n i c a l  
context .  The  a s s i g n m e n t  of l i nks ,  ru les ,  and w e i g h t s  i s  
op t iona l .  

Unclassified 
S e c u r i t y  C l a s s i f i c a t i o n  

FT RUCK~'R 057418 

% . . . . . .  



NOTICE 

Qualifled requesters may obtain copies from the Defense Documentation 
Center (DDC) Cameron Station, Alexandrla, Virginia. Orders wil l  be 
expedited i f  placed through the librarian or other person designated to 
request documents from DDC (formerly ASTIA). 

Change of Address 

Organlzations receiving reports from the US Army Aeromedlcal Research 
Unlt on automatic mailing lists should confirm correct address when 
corresponding about unit reports. 

Disposition 

Destroy thls report when it is no longer needed. 
originator. 

Do not return it to the 

Distribution Statement 

Distribution of thls document is unlimited. 

Disclaimer 

The findings in this report are not to be construed as an official 
Department of the Army position unless so designated by other authorized 
documents. 



AD 

USAARU REPORT NO. 67-8 

SOUND ATTENUATION CHARACTERISTICS 

OF THE NAVY SPH-3(MODIFIED)(LS) HELMET 

By 

Robert T. Camp, Jr., DAC 

and 

Robert L. Keiser, Sp-4 

Uo S. ARMY AEROMEDICAL RESEARCH UNIT 
Fort Rucker, Alabama 

U. S. Army Medical Research and Development Command 

Distribution Statement. DTstrlbufion of this document is unllmited. 



TABLE OF CONTENTS 

I n t rodu ct ion 

Procedure and Equlpment 

Results and Discussion 

Conclusions and Recommendations 

Distribution List 

DD Form 1473 

1 

2 

9 

18 



ABSTRACT 

An evaluation of the real-ear sound attenuation characteristics of 
the Navy SPH-3 (Modified) (LS) Helmet was done with procedures and 
equipment specified by ASA Z24.22 - 1957. The results show that the 
SPH-3 (Modified) (LS) is a relatively efficient attenuator of sound through- 
out the audio spectrum, in view of the poor sound attenuation character- 
istics of the Army APH-5, it has been recommended that this helmet be 
replaced by the SPH-3 (Modified) (LS). 

APPROVED: 
ROBERT W. B A I L E ¥ ~  
LTC., MSC 
Commandlng 



SOUND ATTENUATION CHARACTERISTICS 

OF THE NAVY SPH-3 (MODIFIED)(LS) HELMET 

INTRODUCTION 

Analyses of acoustic spectra in Army aircraft have shown that the sound 
pressure levels are usually much greater than the Army Technical Bulletin T. B. 
Med 251, 25 January 1965, criterion for the initiation of a hearing conserva- 
tion program. The deleterious effects of high sound pressure level acoustic noise 
on military personnel are manifest in various ways. For example, there may be 
masking or interference with voice communications to the extent that the efficien- 
cy of military operational groups is impaired. Also, the noise may jeopardize the 
health and efficiency of Army personnel by causing permanent or temporary hear- 
ing losses. The gravity of the noise problem in Army aviation is indicated by the 
fact that there is a frequent occurrence of permanent and temporary high frequency 
hearing loss of various degrees among Army aviation personnel. 

The Army does provide earplugs for ear protection. However, this type of 
ear protective device is inadequate for all personnel under all operational condi- 
tions. There is a need for more sound attenuation in some environments of high 
sound pressure levels. Also, it is estimated that a large number of personnel avoid 
theuse of earplugs because of discomfort and other reasons, in view of the inad- 
equacy of earplugs alone as a universal ear protector and their lack of acceptance 
by the user, it is imperative that efficient sound attenuation devices be an integral 
part of the flight crash protective helmet. 

In USAARU Report 67-6, it has been reported that the APH-5 helmet has 
relatively poor sound attenuation characteristics between 75 and 2,000 Hz. 
The inefficient sound attenuation characteristics of this standard helmet and the 
inadequacy of the earplugs as a universal protector of ears provide a basis for the 
argument that Army aviation personnel are presently without sufficient ear protec- 
tion. Therefore, there is a need for a helmet with improved sound attenuation 
characteristics. The conclusions of USAARU Report 67-6 were that if changing 
earphone muffs in order to achieve the desired attenuation levels is not feasible, 
then the APH-5 should be replaced by another helmet that has the required high 
so und attenuat ion characte rlst ics. 



To determine the acoustic characteristics of commercial helmets and those 
presently available from other services, this Laboratory investigated the real-ear 
attenuation characteristics of a helmet presently used by the U. S. Navy. It is 
designated as the SPH-3 (Modified). See Figure i .  

A preliminary test of this SPH-3 helmet disclosed the problem of obtain- 
ing a seal of the earphone cushion with a number of listeners. With an inadequate 
acoustic seal, the helmet offered the average wearer l i t t le acoustic protection. 
During informal discussions of this problem with representatives of the maKufactur- 
er, these findings and certain recommendat ions were made concerning a solution of 
the seal problem. The manufacturer responded by modifying the SPH-3. Two 
adjustable elastic straps~ approximately 4.75 ~inches in length and 0.8 inches in 
width, were mounted in the earphone cavities of the helmet, as is shown in Figure 
2. A retest of  the SPH-3 with this modification indicated that the elastic straps 
provided sufficient pressure and freedom of earphone cushion placement to yield 
good fit for most wearers. The probabil i ty of f i t t ing heads of various sizes seems 
to be increased greatly by this modification so that no fitt ing problems were expe- 
rienced by the ten subjects of this study. Preliminary test data showed a signif i- 
cant improvement of mean real-ear attenuation values so that a complete test in 
accord with standard methods was indicated. This report is concerned with a 
complete evaluation of the sound attenuation characteristics of the SPH-3 (Modi- 
fied) with l iquid- f i l led earphone cushion seals subsequent to the modifications 
discussed above. 

The helmet tested was a standard sized SPH-3 with the above modification. 
The manufacturer's designation is DH'110 with Type 4 earcups. Thevolume of 
an earcup is 135 cc. Figures 3 and 4 show the earcup and earcup seals. 

PROCEDURE AND EQUIPMENT 

The evaluation of the sound attenuating characteristics Of the SPH23 
(Modified) (LS) helmet was accomplished with procedures, equipment and physical 
requirements specified in The Standard Method for the Measurement of the Real-Ear 
Attenuation of Ear Protectors at Threshold, ASA Z24.22-1957. 

One additional low frequency test tone (75 Hz) was added to nine standard 
frequencies 125r 250, 500, 1000; 2000, 3000, 4000, 6000 and 8000Hz. 
The tones were generated by a Hewlett Packard 241A oscillator° See block 
diagram of instruments in Figure 5. The output of the oscillator was connected to 
a step attenuator setr a Hewlett Packard 350D with a rangeof 110 db in one 
db steps. This attenuator provided the experimenter with a calibrated control of 



F~gure 1. The Navy SPH-3 (Modified) Helmet 



Figure 2. Elastic Straps in the Navy SPH-3 (Modified) Helmet 
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Figure 3. The Type 4 Earcup in the Navy SPH-3 (Modified) Helmet 
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I Hewlett Pockord 
241A 
Osci I lotor 

. . . . .  i . . . . . . . . . . .  

ComPuter " 
Measurements 
Company 
Model 726B 
Counter-Timer 

"Hewiei:t'Pack'afd'l [Groson Stodler I I  
350D I 1  eZg O 

H Attenuator Set n Electronic 
I I Switch 
I i  

Hewlett Pockord 
467A 
Amplifier 

Digi Tec 
Printer 

Hewlett Packard l ~'~"'~\"~" \...,,,.~,,,,,,,,-.,,\\,,,~,,~ 
3400A | 

L~ Industriol Acoustics Co.[~ 1 R MS Volt meter F ~1t k'~l~\\\\\\\\\\'~\\\~\\~'~1285A k"~lH ~ 
........ ~ ~ Audiometric Room ~ 

~ 1Groson Stadler ~ ~ Loudspeaker ~'~IL~ 
] Recording 

Attenuator 

~ ,;,I:: I F~ I~ su~,eo.. ~ 
t~C ~ ~ Photoelectric I~'~i 

Voltmeter 
~1 ~- \ \ \ \ \ \ \ \ \~ \ \ \ \ \ \ \ \ '~  L~ 

BLOCK DIAGRAM OF INSTRUMENTATION FOR REAL-EAR ATTENUATION TEST 

Figure 5 



test tone levels for checking subject's reliability~ also, the control of over-all 
sound pressure levels of test tones was necessary for subjects with extremely low 
thresholds and for boosting levels when testing attenuating devices of high eff ic ien- 
cy° 

The output of the 350D attenuator was fed into a Grason Stadler 829D 
electronic switch. The electronic switch interrupted the test tones with a 50% 
duty cycle and with off and on durations of 500 msec. The rise and decay time 
of the switch was 50 msec. The signal from the electronic switch was amplified 
with a Hewlett Packard 467A power amplif ier. 

A Grason Stadler E3262A recording attenuator was inserted between the 
power amplif ier and an Altec 605B loudspeaker. The recording attenuator was 
provided with control switches that may be operated by the subject and the experi- 
menter. The subject's switch was a photoelectric clickless type. The experimen- 
ter's switch had facil i t ies for changing directions, stopping the attenuator and 
overriding the subject's control. Having the recording attenuator on the output 
of the power ampl i f ler provlded attenuation of the test signal and amplif ier noise. 
The voltage to the I.eudspeaker was measured by a Hewlett Packard 3400A RMS 
voltmeter. The circuit was calibrated with this voltmeter at the beginning of each 
test. 

in addition to the recorded information on the recording attenuator paper, 
there was dlgital print-out of the attenuation values. A potentiometer was 
coupled mechanically to the recording attenuator which controlled a DC voltage 
as a function of attenuator setting. The voltage across the potentiometer was ad- 
justed to indicate L000 volt on a Digi Tec digital DC voltmeter when the 
recording attenuatorwas set at 100 db attenuation. By arbitrari ly moving the 
decimal point, the VOltage indication may be taken as a representation of the at-  
tenuation value of  t00 .0  db. The linear relationship between the change of 
attenuat ion of the recording attenuator and the accompanying voltage change 
across the potentiometer yields digital voltage readings that are numerically iden- 
t ical to attenuation~ivalues registered on the recording attenuator. This informa- 
tion was printed by a Digi Tec printer which was cennected to the digital voltmeter. 
This arbitrary system of representing attenuation values with voltage readings had 
a resolution equivalent to one-tenth decibel. 

The recording attenuator circuitry was provided with a one shot mono-stable 
muttivibrator circuit that sent a print command each time the subject changed re- 
cording attenuator direction. With a Bekesy type response for constant test tones, 
there was an oscillation of attenuator values around the subject's threshold. This 
oscillation is due to the activation and release of  the attenuator control switch 
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when the listener perceives and ceases to perceive the acoustic stimuli, respec- 
tively. The print-out facil ity provided digital print-out of minimum and maximum 
values of the oscillations around the subject's threshold. The printer also provid- 
ed a sum total of the response values at the command of the experimenter. 

A quiet environment was provided by the Industrial Acoustics Company 
1285-A double wall audiometric room. The intensity gradients were measured 
for certain test tones as required by the ASA Z24.22-1957. Tables I through 
!11 contain sound pressure levels measured in one inch increments along three axes 
from the subject's head. These were the normal maximal sound pressure values of 
each test tone after calibration. The 1285-A has extremely high attenuation 
characteristics throughout the audio spectrum. Table IV is a tabulation of a 
one-third octave-band statistical analysis of the room noise. The system noise of 
the instrumentation used to measure the room noise is also shown. The noise 
measurement instrumentation was a calibrated one-inch Br~Jel & Kjaer microphone, 
a Brb'el & Kjaer Audio Frequency Spectrometer Type 2112, a Br[3el & Kjaer Level 
Recorder Type 2305, and a Br~el & Kjaer Statistical Distribution Analyzer Type 
4420. The system noise measurements were done with the microphone cartridge 
replaced by a 50 plco farad capacitor° 

RESULTS AND DISCUSSION 

Table V and Figure 6 show the results of the sound attenuationtest on 
t h~ SPH-3 helmet. In addition to the attenuation and standard deviatlonvalues 
Obtained with the SPH~3 (Modified) (LS), Table ~, V contains the attenuati0n~ 
characteristics of the APH-5. A comparison of the two'sets of data shows that 
the SPH-3 gives greater attenua'tion with all test frequencies except two high 
frequencies. The APH-5 yielded more attenuation at 4,000 and 6:000 Hz 
by 0.3 db and 2.0 db, respectively. For the six testfrequenciei: b etWee~ 75 
and 2,000 Hz, the SPH-3 had greater attenuation Values. The improvement 
over the APH-5 at 75, 125, 250, 500, ~ 1000 and 2000 Hz was 5.9, 6~0, 
9.0, 17.6, 8.0 and 7.3 db, respectively. . . . .  : 

L, 

In USAARU Report" 67-6, the APH-5 was rat~dlin terms of decile raises 
based on data from thirty-slxother devices. Tables VI and Vii are from 
USAARU Report 66-6 which give decile values and maximum attenuation values 
of thlrty-six ear protective devices. The method of using decile values is be- 
lieved to be useful in determining the relative merits iof ear protective devices. 
The absolute attenuation value alone may not be meaningful without some knowl- 
edge of the test frequency and the inherent limitations of ear protective devices. 
Decile ranks of the attenuation values give the relative efficiency of a particular 

9 

/ -  



0 

Test 
Tones 
in Hz. 

75 

125 

250 

500: 

1000 

2000 

3000 

4000 

6000 

8000 

Table I 

Sound Pressure Level Gradient Data Derived from Measurements of 
Ten Test Tones in the IAC 1285-A Audiometric Room at the Acoustic 
Laboratory, Fort Rucker, Alabama. The Values are Normal Maximum 
Sound Pressure Level Output, in Decibels (re 0.0002 Dyne/cm2), from 
the Calibrated Instrumentation for Testing Real-Ear Attenuation. 

Distance 

11 

70.5 

77.2 

84.3 

89.4 

84.9 

85.6 

83.8 

84.1 

72.6 

79.2 

in Inches Below the Normal Normal Head 
Head Position Position 

5" 4" 3" 2" 1" 0 1" 2" 

70.6 70.8 71.2 71.4 71.6 71.8 71.7 71.8 

77.6 77.8 77.8 78.0 78.2 78.5 78.5 78.7 

84.3 84.1 83.6 83.4 82.9 82.8 82.6 82.4 

89.3 89.1 89.0 88.9 88.6 88.6 88.5 88.5 

84.8 84.6 84.4 85.2 85.6 86.2 86.2 86.0 

85.8 85.5 84.6 84.0 84.2 84.8 84.9 84.8 

83.4 85.6 86.2 85.4 83.4 85.0 86.6 87.3 

85:0 84.8 85.4 87.8 87.0 85.2 85.4 84.6 

71.7 72.8 77.8 80.5 84.2 82.0 82.0 80.6 

78.0 77.9 81.1 81.8 83.4 83.6 84.2 85.1 

Distance in Inches Above 
Head Position 

the Normal 

3" 4" 5 " 6" 

72.1 72.3 72.3 72.5 

79.0 79.2 79.4 79.6 

82.0 81.8 81.6 81.5 

88.6 88.6 88.7 88.8 

85.7 85.4 84.7 84.3 

84.4 84.0 84.4 85.0 

85.8 84.8 85.0 85.2 

84.4 84.8 84.0 82.1 

76.4 78.1 77.2 77.3 

82.4 84.4 81.1 83.0 



Tal~l~ II 

Sound Pressure Level Gradient Data ~Derived from Measurements of 
Ten Test Tones in the /AC 1285-A Audiometric Room at the Acoustic 
Laboratory, Fort Rucker, Alabama. The Values are Normal 2Maximum 
Sound Pressure Level Output, in Decibels (re 0.0002 Dyne/cm ), from 
the Calibrated Instrumentation for Testing Real-Ear Attenuation. 

T~st 

Tones 
in Hz. 

75 

125 

250 

500 

1000 

2000 

3000 

4'000 

6000 

8000 

Distance in Inches in Front of the Normal Normal Head Distance in Inches Beh4nd ~fhe Normal 
Head Position Posffion Head P~slt;i~n 

11 5 II 

76.7 76.1 

81.1 80.6 

8O.8 81.5 

87.2 87.8 

86.0 84.6 

83.4 84.2 

82.6 83.8 

84.9 85.7 

78.0 8~1.4 

79.6 78.6 

4" 3" 2" 1" 0 

75.4 74.6 73.9 73.3 72.2 

80.4 80.0 79.6 79.2 78.6 

82.8 81.9 82.6 82.8 L83.0 

88.0 88.4 8 8 . 5  88.5 ~88.2 

83.4 83.7 84.7 86.0 L8~,6 

86,7 85.7 81.8 82.9 :85~3 

83 .4  83.6 85.3 82.0 B2.6 

85.5 85.3 85.8 84.3 i84.5 
1 
80.6 77.8 79.0 81.2 82.8 

82.6 82.0 82.0 82.7 82.4 

I II 

71,4 

~ . 4  

83.2 

88~I 

86.5 

84.0 

~- 80.2 

82.6 

72.6 

80. I 

2" 3" #'" 5"  ~6" 

70.7 70.0 69.2 ~ . 6  68.3 

78.1 77.8 77.2 77.4 76,.6 

83.5 83 .6  83.7 :83.7 83,6 

8 7 . 9  87.6 87.3 ~86.7 86.6 

85.8 84.6 83~.3 ~82.4 82.5 

80.0 82.0 84.2 83.4 81.3 

78.8 83.3 79.5 84.4 85.8 

85.0 84.1 83.0 83.2 81.2 

77.8 80.8 82.0 75.0 77.8 

80.6 80.2 82.1 79.8 80.6 



t ' ,o 

Test 
Tones 
in Hz. 

75 

125 

250 

500 

1000 

2000 

3000 

4000 

6000 

8000 

Table III 

Sound Pressure Level Gradlent Data Derived from Measurements of 
Ten Test Tones in the IAC 1285-A Audiometric Room at the Acoustic 
Laboratory, Fort Rucker, Alabama. The Values are Normal /~aximum 
Sound Pressure Level Output, in Decibels (re 0.0002 Dyne/cm'~), from 
the Calibrated Instrumentation for Testing Real-Ear Attenuation. 

Distance in Inches Left of the Normal Normal H e a d  Distance in Inches Right 
Head Position Position Head Position 

of the Normal 

6" 5" 4" 3" 2" 1" 0 1" 2" 3" 4" 5" 6" 

71.6 71.6 71.7 71.7 72.1 72o0 72.3 72.3 72.3 72.4 72.4 72.5 72.3 

78.1 78.2 78.3 78.4 78° 6 78.5 78.6 78° 8 78.9 78.9 79.0 79.0 79.0 

82.4 82.5 82.6 82.7 82.8 82.8 82.9 83.0 83ol 83.1 83.1 83.1 83.2 

88.2 88.5 88.7 88.9 89.0 88.9 88.9 88.6 88.4 87.9 87.5 87.0 86.4 

85.2 85.7 86.1 86.4 86.6 86.3 86.0 85.4 84.7 84.1 83.6 83.4 82.6 

83.0 83.2 83.7 84.5 84.7 84.9 85.2 85.1 85.1 84.7 83.3 82.6 84.4 

84.7 82.9 82.5 80.9 80.8 82.3 84.6 86.2 85.2 82.6 81 °2 82.4 85.0 

82.4 82.0 82.4 81.6 82.4 82.8 83.8 84.6 82.6 80.5 82.3 84.3 82.5 

82.5 81.3 82.5 82.5 77.1 73.4 82.0 81.7 74.4 79.5 83.0 78.1 84.8 

76.4 81.7 79.1 81.7 83.6 83.1 83.1 84.7 79.9 83.7 76.2 81.5 74.2 



Table IV 

Mean Sound Pressure Level and Standard Deviation Values in Decibels (re 0.0002 Dyne/cm 2) 
of Ambient Acoustic Noise in the Industrial Acoustics Company 1285-A Audiometric 
Room at the Acoustic Laboratory, Fort  Rucker, Alabama. Also Shown are 
System Noise Data of the Instrumentation Used in Measuring the Acoustic Noise. 

1/3rd Octave-Band System Noise Room Noise 
Center Frequencies Mean Standard Mean Standard 

in Hertz ~SPL Equiv. Deviation SPL Deviation 

25 18.13 3.15 29.36 2.97 
3 1 . 5  16.13 2.80 28.68 3.07 
40 16~00 2.90 29.48 2.95 
50 14.76 2.42 30,36 2.55 
63 15.83 2.12 31.97 1.52 

80 12.87 2.17 14.36 
100 11.38 1.70 16.81 
125 9.70 1.75 28.93 
160 9.32 1.50 9.88 
200 8.02 1.42 10.99 

1.95 
0.37 
0.85 
1.25 
1.22 

250 6.14 1.25 17.81 
310 5.58 1.32 1 1.56 
400 4.86 1.17 14.2t 
500 4.18 0.82 4.58 
630 2.65 1.22 4.46 

1.22 
0.67 
0.32 
0.95 
0.80 

800 2.08 0.90 4.55 0.90 
1,000 1.59 0.60 2.40 1.12 
1,250 2.68 1.20 4.17 0.65 
1 , 600 1.26 1 . 00 3.22 1.22 
2,000 0.96 1.22 2.18 0.95 

2,500 0.31 I .27 1.78 0.27 
3, T50 0.73 1.22 8.97 0.80 
4,000 0.58 1.25 4.16 0..47 
5,000 1.46 0.80 2.53 1.15 
6, 300 1.75 0 2.98 1.15 

8,000 2.35 1.07 1.90 
10,000 1.75 0 4.30 
12,500 2.49 1.15 4.25 
16, 000 4.25 0 4.26 
20, 000 4.25 0 4.62 

A 36.75 0 36.75 
B 34.25 0 35.65 
C 46.75 0 49.32 

Lin 56.75 0 56.75 

0.60 
1.72 
0 

0.15 
0.87 

0 
1.25 
O. 70 
0 

13. 



Table V 

Mean Real-Ear S~und Attenuation and Standard Deviation Values Obtained 
with the Army APH-5 and the Gentex SPH-3 (Modified) Helmets. 

APH-5 SPH-3 (Modified) 
Mean Mean 

Test Attenuat ion Standard Atten uat ion 
Frequencies Values in Deviation Values in 
in Hertz Decibels in Decibels Decibels 

Standard 
Deviation 
in Decibels 

75 11.34 5.03 17.20 

125 10,86 4.55 16.91 

250 5.98 4.15 14.95 

500 7.11 3.52 24.66 

1000 15.37 4.84 23.38 

2000 29.11 5.61 36.40 

3000 43.00 5.26 47.32 

4000 46.26 7.07 45,94 

6000 45.83 6.92 43.79 

8000 35.97 10.83 36.24 

3.50 

3.70 

3.36 

3.07 

• 4.89 

5.11 

5.86 

5.77 

5.29 

7.82 

14. 
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Decile Values in 
Attenuation Data of 

Table VI 

Decibels for Mean Real-Ear 
36 Ear Protective Devices. 

O~ 

Deciles 75 Hz* 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 

D 1 2.3 0.3 0.0 3.8 2.4 15.8 

D 2 4.1 2.9 3.1 7.1 11.7 19.1 

D3 5.9 4.4 4.4 10.3 15.4 21.3 

D 4 7.3 6.9 6.2 13.7 18.9 25.6 

D 5 9.5 9.0 9.5 16.5 22.0 26.5 

D 6 10.9 11.1 13.7 18.8 25.8 29.3 

D 7 13.9 14.1 15.6 24.7 30.2 32.7 

D 8 15.2 15.4 18.3 29.3 32.3 34.8 

D 9 17.1 18.7 20.9 30.3 35.6 36.7 

4000 Hz 

27.8 

29.6 

31 3 

32.9 

34.7 

35.8 

37.6 

38.4 

41.9 

8000 Hz 

24.8 

26.6 

28.4 

30.2 

32.5 

34.0 

35.9 

37.4 

38.3 

*Computed from data of 34 ear protective devices. 



Table VII 

Minimum, Median, Maximum, Mean, and Standard Deviation in 
Decibels of Real-Ear Attenuation Values Obtained from 36 

Ear Protective Devices 

75 Hz* 

Minimum 1 

Median 9 

Maximum 20 

Mean 10.1 

Standard 
Deviat ion 5.48 

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 

- 1 - 1 2 1 3 14 

9 9 16 22 26 35 

20 28 36 41 38 50 

9.5 10.7 ~ 17.5 22.3 26.5 34.2 

6.53 7.73 10.19 10.18 8.62 7.0 

8000 Hz 

14 

32 

41 

31.8 

5.93 

*Computed from data of 34 ear protective devices. 



value without additional information. Figure 7 contains curves of the decile 
rank values yTelded by the SPH-3 and APH-5. it may be seen that the SPH-3 
varies between approximately 9 and 6 decile rank value and the APH-5 varies 
between approximately 6 and 2 among the test frequencies below 2,000 Hz. 
It is Tnterestlng to note that the lowest value obtained wTth the SPH-3 (Modified) 
(LS) at 1,000 Hz is approximately 6 decile rank which is approximately the 
same value of the maximum decile rank values of the APH-5 data which occurred 
at test frequencies 75 and 2,000. With these comparisons, there is no doubt 
that the SPH-3 is a much more eff icient attenuator of sound at test frequencies 
between 75 and 2,000 Hz. 

CONCLUSIONS AND RECOMMENDATIONS 

Real-ear sound attenuation characteristics of the Navy SPH-3 (Modified) 
(LS) helmet were determined by standard procedures and equipment recommended 
by ASA Z24.22-1957. Ten subjects were tested three times each. This is the 
minimum amount required by the ASA specTficafions. Comparisons of the 
results of these measurements were made with the results obtained from USAARU 
Report 67-6 on the attenuation characteristics of the Army APH-5. The sound 
attenuation characteristics of the SPH-3 (Modified) are superior to the sound at- 
tenuation characterTstics of the APH-5 between 75 and 2,000 Hz. 

The test of the SPH-3 has demonstrated that there are helmets available 
wTth acoustTc characteristics that are superior to those of the APH-5. In view 
of the manifest need for more ear protection for Army aviation personnel and 
improved voice communicatbns, it is recommended that the SPH-3 be considered 
as a standard for Army personnel. 

18 
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